Proposed 12/8 SRM
A novel 12/8 SRM with segmental rotor is proposed in Fig. 3 . Just as its name implies, the motor has twelve stator poles and eight rotor poles. The stator poles are further divided into two types: exciting and auxiliary poles. The windings are only wound on the exciting poles and there are no windings on the auxiliary poles. Furthermore, the windings on the diametrically opposite exciting poles, such as the windings on the stator poles PAl and PAb stator poles PSI and PB2, and stator poles PCI and PC2, are connected in series to construct one phase. The rotor is comprised of nonmagnetic isolator and series of discrete rotor segments. The rotor segments are embedded into the nonmagnetic isolator, and are magnetically isolated from each other segments. As shown in Fig. 3 , the rotor is stopped at the aligned position, which is also defined as the 0° rotor angular position. Hence, the rotor will rotate in a counter-clockwise direction with the phase current energized in the sequence BCA. On the contrary, it may rotate in the reverse direction with the current energized in the sequence CBA. 
Magnetic flux de nsity
To make full use of the magnetic material, SRM is normally designed to operate in the saturated region.
However, to be close to the actual magnetic material properties, the flux density of the motor should be kept lower than 1.8T in the motor design. Fig. 5 shows the flux density of the conventional and proposed 12/8 SRMs when the motor operates at full load condition (peak excitation current is 110A). As shown in the figure, the maximum flux densities in both of the motors are almost the same and less than 1.8T, which satisfies the designed requirement described above. 
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Inductance characteristics
As is well known, the inductance is one of the most important parameters in an SRM. It can roughly evaluate the saturation and output torque level of an SRM through the profiles of the inductance. .:
Rotor position (deg.) Fig. 6 . Inductance profiles of the conventional and proposed 12/8 SRMs.
C.

Torque characteristics
According to the representation in last sub-section, the instantaneous torque of an SRM, which is related to the rotor position, phase current and inductance, can be expressed as, (1) in which, T is the instantaneous torque of the motor, i is the phase current, L is the phase inductance, and e is the rotor position. Therefore, the instantaneous torque of an SRM is independent of the polarity of the phase current and is only determined by the inductance profiles. Figs. 7 and 8 show the torque profiles of the conventional and proposed 12/8 SRMs, respectively. Fig. 9 shows average torque of the conventional and proposed 12/8 SRMs at different current levels. As shown in Fig. 9 , the proposed 12/8 SRM has higher average torque than that of the conventional 12/8 SRM at all current levels. However, the superiority becomes smaller and smaller when the current increases. This is because the proposed structure is more easily affected by core saturation than the conventional 12/8 SRM.
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Rotor position (deg_) Fig. 7 . Torque profiles of the conventional 12/8 SRM. Current (A) Fig. 9 . Average torque of the conventional and proposed 12/8 SRMs.
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IV. EXPERIMENTAL RESULTS
A.
Prototypes
To further verify the validity of the proposed SRM, the prototypes of the conventional and proposed 12/8 SRMs are 12/8 SRM. However, for the proposed segmental rotor, the manufacture procedure is a little complex. First, a nonmagnetic isolator is fixed on the shaft. Then, the rotor segments are mounted on the nonmagnetic isolator. Furthermore, to protect the rotor segments from the centrifugal and magnetic radial force, the rotor end-rings at two sides of the rotor segments are used to provide axial pressure on the rotor segments. Finally, the rotor is turned in a lathe to its final outside dimension. For the nonmagnetic isolator, rotor end ring and shaft, the materials are brass C2600, brass C2600, and S45C, respectively. In addition, it should be noted that the nonmagnetic isolator should be solid to keep the nonmagnetic isolator strong enough.
B.
Experiments
As previously described, the proposed SRM is designed for vehicle cooling fan application. Due to the low voltage and high current characteristics of the application, it may do not have enough time to control the current, so in the proposed control scheme, only the speed control is applied and the current control is not applied. Fig. 12 shows the control scheme for the proposed SRMs. In the control scheme, n ' is the command speed, n is the estimated speed, Lln is the speed error, PI is the proportional integral controller, er is the rotor position, eon and eojJ is the turn-on and -off angles, respectively. As shown in Fig. 12 , the rotor position is measured by an encoder first. Then, the motor speed can be estimated by the speed estimator module and fed back to compare with the reference speed. The difference between the reference and estimated speed is the input of the PI controller and the output of the PI controller is the PWM duty ratio.
According to the turn-on angle, turn-off angle, and the rotor position, the PWM duty ratio is converted to the three-phase independent PWM waveforms by the PWM generator to control the switches in the converter for driving the proposed SRMs. 
